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(54) TURNING METHOD AND TURNING DEVICE

(57) Provided are a turning method for enabling ma-
chining of double-row raceway surfaces (grooves) so as
to highly precisely set a mutual PCD dimension error and
a groove pitch (raceway surface pitch), and a turning de-
vice capable of such turning. The turning method and the
turning device perform turning on respective raceway
surfaces (2a, 3a) of an inner race (2) and an outer race
(3) of a double-row bearing (1). The respective raceway

surfaces of any one of the inner race (2) and the outer
race (3) are subjected to simultaneous turning with a turn-
ing tool (10) including a plurality of cutting tools (11A,
11B). After that, a direction of the plurality of cutting tools
(11A, 11B) of the turning tool (10) is changed, and the
respective raceway surfaces (2a, 3a) of another one of
the inner race (2) and the outer race (3) are subjected to
simultaneous turning with the turning tool (10).
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Description

Technical Field

[0001] The present invention relates to a turning meth-
od and a turning device.

Background Art

[0002] In general, a bearing includes, as main compo-
nents thereof, an inner race having an inner raceway
surface formed in a radially outer surface thereof, an out-
er race having an outer raceway surface formed in a ra-
dially inner surface thereof, a plurality of balls interposed
between the inner raceway surface of the inner race and
the outer raceway surface of the outer race in a freely
rollable manner, and a retainer arranged between the
inner race and the outer race, for retaining the respective
balls equiangularly.
[0003] In this bearing, the respective raceway surfaces
of the inner race and the outer race are formed by turning.
Incidentally, some bearings include balls serving as roll-
ing elements arranged in double rows. When the bearing
has double-row raceway surfaces, it is necessary to re-
duce a mutual error between a pitch dimension of the
raceway surfaces (grooves) of the inner race and a pitch
dimension of the raceway surfaces (grooves) of the outer
race. In order to reduce the mutual error in groove pitch
dimension, it is preferred to simultaneously perform the
turning on the raceway surfaces (grooves) of the inner
race and on the raceway surfaces (grooves) of the outer
race. In this case, when a machining device described
in Patent Literature 1 or the like is used, machining can
be performed simultaneously on end surfaces of both of
the components (the inner race and the outer race).

Citation List

[0004] Patent Literature 1: JP 05-253701 A

Summary of Invention

Technical Problem

[0005] However, the raceway surfaces (grooves) of the
inner race are formed in the radially outer surface, and
the raceway surfaces (grooves) of the outer race are
formed in the radially inner surface. Therefore, the direc-
tions of the machined surfaces are different from each
other.
[0006] Therefore, hitherto, the turning cannot be per-
formed simultaneously on the raceway surfaces
(grooves) of the inner race and the raceway surfaces
(grooves) of the outer race.
[0007] In view of the above, the present invention pro-
vides a turning method for enabling machining of double-
row raceway surfaces (grooves) so as to highly precisely
set a mutual PCD dimension error and a groove pitch

(raceway surface pitch), and a turning device capable of
such turning.

Solution to Problem

[0008] According to one embodiment of the present
invention, there is provided a turningmethod of perform-
ing turning on respective raceway surfaces of an inner
race and an outer race of a double-row bearing, the turn-
ing method comprising: performing the turning simulta-
neously on the respective raceway surfaces of any one
of the inner race and the outer race with a turning tool
comprising a plurality of cutting tools; changing a direc-
tion of the plurality of cutting tools of the turning tool; and
performing the turning simultaneously on the respective
raceway surfaces of another one of the inner race and
the outer race with the turning tool.
[0009] According to the turning method of one embod-
iment of the present invention, for example, after the si-
multaneous turning is performed for the respective race-
way surfaces of the outer race with the turning tool, the
direction of the cutting tools is changed, thereby enabling
the turning simultaneously on the respective raceway
surfaces of the inner race with those cutting tools. As a
result, the turning for the respective raceway surfaces of
the inner race is also finished. Moreover, conversely, af-
ter the simultaneous turning is performed for the respec-
tive raceway surfaces of the inner race, the direction of
the cutting tools is changed, thereby enabling the turning
simultaneously on the respective raceway surfaces of
the outer race with those cutting tools.
[0010] It is preferred that the cutting tools be prevented
from being detached until the turning is finished on the
respective raceway surfaces of the inner race and the
outer race. With this, an arrangement pitch of the plurality
of (such as two) cutting tools can be maintained to be
constant for the inner race and the outer race. The chang-
ing of the direction of the plurality of cutting tools of the
turning tool can comprise inverting the turning tool by 180
degrees.
[0011] A bearing inner race of one embodiment of the
present invention is constructed by the turning performed
through the turning method. Further, a bearing outer race
of one embodiment of the present invention is construct-
ed by the turning performed through the turning method.
Further, a bearing of one embodiment of the present in-
vention comprises: a bearing inner race constructed by
the turning performed through the turning method; and
a bearing outer race constructed by the turning per-
formed through the turning method.
[0012] According to one embodiment of the present
invention, there is provided a turning device for perform-
ing turning on respective raceway surfaces of an inner
race and an outer race of a double-row bearing, the turn-
ing device comprising: a turning comprising a plurality of
cutting tools for performing the turning simultaneously on
the respective raceway surfaces of any one of the inner
race and the outer race; and a change mechanism for
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changing a direction of the plurality of cutting tools of the
turning tool, thereby enabling simultaneous turning for
the respective raceway surfaces of another one of the
inner race and the outer race.
[0013] The turning device according to one embodi-
ment of the present invention enables the simultaneous
turning for the respective raceway surfaces of the outer
race with the cutting tools of the turning tool. When the
turning for the respective raceway surfaces of the outer
race is finished, the direction of the cutting tools is
changed via the change mechanism, and the turning can
simultaneously be performed on the respective raceway
surfaces of the inner race with those cutting tools. As a
result, the turning for the respective raceway surfaces of
the inner race is also finished. Moreover, conversely, af-
ter the simultaneous turning is performed for the respec-
tive raceway surfaces of the inner race, the direction of
the cutting tools is changed, thereby enabling the turning
simultaneously on the respective raceway surfaces of
the outer race with those cutting tools.
[0014] It is preferred that the turning device further
comprise a radial adjustment mechanism for enabling an
adjustment of the plurality of cutting tools of the turning
tool in a raceway surface radial direction. Further, it is
preferred that the turning device further comprise a pitch
adjustment mechanism for enabling an adjustment of the
plurality of cutting tools of the turning tool in a raceway
surface arrangement pitch.

Advantageous Effects of Invention

[0015] According to one embodiment of the present
invention, the same turning tool can be used to perform
the turning on the double-row raceway surfaces of the
inner race and the double-row raceway surfaces of the
outer race, and, moreover, the mutual error between the
raceway surface pitch of the inner race and the raceway
surface pitch of the outer race can be reduced, to thereby
form a high-quality product. Particularly when the cutting
tools are prevented from being detached until the turning
for the respective raceway surfaces of the inner race and
the outer race is finished, the arrangement pitch of the
plurality of (such as two) cutting tools can be maintained
to be constant for the inner race and the outer race, to
thereby enable more precise machining.
[0016] In addition, the raceway surfaces are respec-
tively machined at the same time on the inner race and
the outer race, and hence an influence of changes over
time during the machining (thermal deformations of the
device and/or the workpieces such as the inner race and
the outer race) is less liable to be generated. Thus, a
mutual PCD dimension error and a groove pitch (pitch
between the raceway surfaces) between the double rows
can be highly precisely machined.
[0017] Moreover, if radially protruded amounts of the
plurality of cutting tools are set when the turning is per-
formed on the raceway surfaces of the outer race (or the
inner race), the radially protruded amounts of the cutting

tools need not be adjusted when the turning is performed
on the raceway surfaces of the inner race (or the outer
race). As a result, operability becomes excellent, and the
mutual PCD dimension error between the double rows
can be sufficiently decreased. When the change in the
direction of the cutting tools of the turning tool is an in-
version of the turning tool by 180 degrees, controllability
and the operability become excellent.
[0018] The inner race and the outer race subjected to
the turning through the above-mentioned turning method
are high-quality products, and a bearing using the inner
race and the outer race as described above is thus a
high-quality product and is stable as a bearing.
[0019] When the radial adjustment mechanism and the
pitch adjustment mechanism are provided, fine adjust-
ments in radial positions of the cutting tools, the arrange-
ment pitch amount of the cutting tools, and the like are
enabled, and a more precise turning can thus be per-
formed.

Brief Description of Drawings

[0020]

FIG. 1 is a main part schematic diagram illustrating
a turning device according to an embodiment of the
present invention in a state in which turning is per-
formed on an outer race.
FIG. 2 is a main part schematic diagram illustrating
the turning device according to the embodiment of
the present invention in a state in which the turning
is performed on an inner race.
FIG. 3 is a schematic block diagram illustrating the
turning device according to the embodiment of the
present invention.
FIG. 4 is a cross sectional view of a bearing com-
prising the outer race and the inner race subjected
to the turning by the turning device.
FIG. 5 is a flowchart illustrating a turning method
according to the embodiment of the present inven-
tion.

Description of Embodiment

[0021] A description is now given of an embodiment of
the present invention referring to the drawings.
[0022] FIG. 4 illustrates a bearing 1 comprising an in-
ner race 2 and an outer race 3 subjected to turning
through a turning method according to the present inven-
tion. The bearing 1 comprises, as main components
thereof, the inner race 2 having double-row inner race-
way surfaces 2a and 2a (in this case, two rows) in a ra-
dially outer surface thereof, the outer race 3 being ar-
ranged outside the inner race 2 and having double-row
outer raceway surfaces 3a and 3a (in this case, two rows)
in a radially inner surface thereof, balls 4 serving as a
plurality of rolling elements interposed between the inner
raceway surfaces 2a and 2a of the inner race 2 and the
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outer raceway surfaces 3a and 3a of the outer race 3 in
a freely rollable manner, and retainers 5 and 5 each ar-
ranged between the inner race 2 and the outer race 3,
for retaining the respective balls 4 equiangularly.
[0023] The turning method according to the present
invention uses a turning tool 10 as illustrated in FIGS. 1
and 2. The turning tool comprises a plurality of (in this
case, a pair of) cutting tools 11A and 11B. Moreover, the
turning tool 10 can change a direction of the cutting tools
11A and 11B of the turning tool 10 via a change mech-
anism 12 illustrated in FIG. 3. Specifically, the change
mechanism 12 can change the direction of the turning
tool 10 between a state in which the turning can be per-
formed on the raceway surfaces 3a and 3a of the outer
race 3 as illustrated in FIG. 1 and a state in which the
turning can be performed on the raceway surfaces 2a
and 2a of the inner race 2 as illustrated in FIG. 2.
[0024] The turning tool 10 comprises a tool body 15,
the cutting tools 11A and 11B mounted to the tool body
15, a radial adjustment mechanism 16 for enabling an
adjustment of the cutting tools 11A and 11B in a raceway
surface radial direction, and a pitch adjustment mecha-
nism 17 for enabling an adjustment of the cutting tools
11A and 11B in an arrangement pitch of the raceway
surface. Moreover, the turning tool 10 is held on a cutter
holder (not shown).
[0025] The radial adjustment mechanism 16 can be
constructed by, for example, a mechanism that allows
the cutting tools 11A and 11B to reciprocate in directions
represented by the arrows X1 and X2, for example, a
reciprocating mechanism such as a cylinder mechanism,
a ball nut mechanism, and a linear motor mechanism. In
this case, as illustrated in FIG. 3, the radial adjustment
mechanism 16 is controlled by control means 18. How-
ever, a mechanism enabling a manual adj ustment may
be employed as the radial adj ustment mechanism 16.
In this case, a more precise adjustment can be performed
by using a block gauge or the like.
[0026] The pitch adjustment mechanism 17 recipro-
cates the cutting tool 11 (such as 11A) in directions rep-
resented by the arrows Y1 and Y2 orthogonal to the di-
rections represented by the arrows X1 and X2. In this
case, the pitch adjustment mechanism 17 can be con-
structed by a reciprocating mechanism such as a cylinder
mechanism, a ball nut mechanism, and a linear motor
mechanism as in the radial adjustment mechanism 16.
Also in this case, as illustrated in FIG. 3, the pitch adjust-
ment mechanism 16 is controlled by the control means
18.
[0027] The control means 18 is, for example, a micro-
computer in which, around a central processing unit
(CPU), a read only memory (ROM), a random access
memory (RAM), and the like are connected with each
other via a bus. The control means 18 inputs various
types of data from a storage device serving as storage
means. The storage device comprises a hard disk drive
(HDD), a digital versatile disk (DVD) drive, a compact
disc-recordable (CD-R) drive, an electronically erasable

and programmable read only memory (EEPROM), or the
like. Note that, the ROM stores programs executed by
the CPU and data.
[0028] The change mechanism 12 can be constructed
by a curvic coupling or the like mounted to the cutter
holder. The change mechanism 12 can be controlled by
the control means 18. Specifically, as illustrated in FIG.
1, the change mechanism 12 can set the respective cut-
ting tools 11A and 11B of the tool body 15 to a state in
which the outer race 3, which has an end surface (axial
end surface) on one side fixed with a magnet chuck or
the like, can be subjected to the turning for the raceway
surfaces 3a and 3a of the outer race 3. Moreover, the
change mechanism 12 can set the respective cutting
tools 11A and 11B of the tool body 15 from the state
illustrated in FIG. 1 to the state illustrated in FIG. 2, name-
ly, a state in which the inner race 2, which has an end
surface (axial end surface) on one side fixed with a mag-
net chuck or the like, can be subjected to the turning for
the raceway surfaces 2a and 2a of the inner race 2. More-
over, the change mechanism 12 may be constructed by
an XYZθ stage, a robot arm, or the like.
[0029] Referring to FIGS. 1, 2, and 5, a description is
now given of a method of performing, by using the turning
device constructed as described above, the turning on
the raceway surfaces 2a and 2a of the inner race 2 and
the raceway surfaces 3a and 3a of the outer race 3 of
the bearing 1 as illustrated in FIG. 4. In this case, first,
as illustrated in FIG. 1, a description is given of the case
in which the turning is performed on the raceway surfaces
3a and 3a of the outer race 3.
[0030] For this purpose, first, the change mechanism
12 is driven, to thereby set the respective cutting tools
11A and 11B of the tool body 15 illustrated in FIG. 1 to
the state in which the turning can be performed on the
raceway surfaces 3a and 3a (Step S1 in FIG. 5). Specif-
ically, the respective cutting tools 11A and 11B are ad-
justed in the X1 and X2 directions by the radial adjustment
mechanism 16, and are adjusted in the Y1 and Y2 direc-
tions by the pitch adjustment mechanism 17. Then, the
method proceeds to Step S2, and starts the turning for
the raceway surfaces 3a and 3a of the outer race 3. Spe-
cifically, the respective cutting tools 11A and 11B are
moved in directions indicated by the arrows A1, B1, A2,
and B2, and, simultaneously, the outer race 3 is rotated
about an axis thereof. As a result, the turning can be
performed on the raceway surfaces 3a and 3a of the outer
race 3.
[0031] Then, the method proceeds to Step S3, and de-
termines whether the turning for the raceway surfaces
3a and 3a of the outer race 3 is finished or not. Specifi-
cally, the turning is performed until the turning for the
raceway surfaces 3a and 3a is finished. Then, when the
turning is finished, the turning tool 10 is inverted to set
to the state illustrated in FIG. 2 (Step S4). In this case,
the adjustment of the respective cutting tools 11A and
11B in the X1 and X2 directions by the radial adjustment
mechanism 16, and the adjustment of the respective cut-
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ting tools 11A and 11B in the Y1 and Y2 directions by
the pitch adjustment mechanism 17 are not performed.
[0032] Then, the method proceeds to Step S5, and
starts the turning for the raceway surfaces 2a and 2a of
the inner race 2. Specifically, the respective cutting tools
11A and 11B are moved in the directions indicated by
the arrows A1, B1, A2, and B2, and, simultaneously, the
inner race 2 is rotated about an axis thereof. As a result,
the turning can be performed on the raceway surfaces
2a and 2a of the inner race 2.
[0033] Then, the method proceeds to Step S6, and de-
termines whether the turning for the raceway surfaces
2a and 2a of the inner race 2 is finished or not. Specifi-
cally, the turning is performed until the turning for the
raceway surfaces 2a and 2a is finished. Then, when the
turning is finished, the turning operation is finished.
[0034] According to the present invention, the same
turning tool 10 can be used to perform the turning on the
double-row raceway surfaces 2a of the inner race 2 and
the double-row raceway surfaces 3a of the outer race 3,
and, moreover, a mutual error between a raceway sur-
face pitch of the inner race 2 and a raceway surface pitch
of the outer race 3 can be reduced, to thereby forma high-
quality product. Particularly if the cutting tools are not
detached until the turning for the respective raceway sur-
faces 2a and 3a of the inner race 2 and the outer race 3
is finished, the arrangement pitch of the plurality of (such
as two) cutting tools 11A and 11B is maintained to be
constant for the inner race 2 and the outer race 3, to
thereby enable more precise machining.
[0035] In addition, the raceway surfaces 2a and 2a and
3a and 3a are respectively machined at the same time
on the inner race 2 and the outer race 3, and hence an
influence of changes over time during the machining
(thermal deformations of the device and/or the workpiec-
es such as the inner race 2 and the outer race 3) is less
liable to be generated. Thus, a mutual PCD dimension
error and a groove pitch (pitch between the raceway sur-
faces) between the double rows can be highly precisely
machined.
[0036] Moreover, if radially protruded amounts of the
plurality of cutting tools (directions represented by the
arrows X1 and X2) are set when the turning is performed
on the raceway surfaces 3a and 3a of the outer race 3
as in the above-mentioned embodiment, the radially pro-
truded amounts of the cutting tools 11A and 11B need
not be adjusted when the turning is performed on the
raceway surfaces 2a and 2a of the inner race 2. As a
result, operability becomes excellent, and the mutual
PCD dimension error between the double rows can be
sufficiently decreased.
[0037] When the change in the direction of the cutting
tools 11A and 11B of the turning tool 10 is an inversion
of the turning tool by 180 degrees, controllability and the
operability become excellent.
[0038] The inner race 2 and the outer race 3 subjected
to the turning through the above-mentioned turning meth-
od are high-quality products, and the bearing 1 using the

inner race 2 and the outer race 3 as described above is
thus a high-quality product and is stable as a bearing.
[0039] If a curvic coupling is used for the change mech-
anism 12, even when the turning tool 10 is inverted
(changed), precision of a tilt of the cutting tool 10 and the
like hardly changes, and highly-precise turning can be
performed.
[0040] A description has been given of the embodiment
of the present invention, but the present invention is not
limited to the above-mentioned embodiment, and can be
modified in various ways. According to the above-men-
tioned embodiment, the turning is first performed on the
raceway surfaces 3a and 3a of the outer race 3, and,
after this turning, the turning is performed on the raceway
surfaces 2a and 2a of the inner race 2. However, the
turning may first be performed on the raceway surfaces
2a and 2a of the inner race 2, and, after this turning, the
turning may be performed on the raceway surfaces 3a
and 3a of the outer race 3. Moreover, the number of the
rows of the raceway surfaces 2a and 3a of the inner and
outer races 2 and 3 is not limited to two, and the number
of the rows may be three or more.
[0041] Both the cutting tools 11A and 11B are moved
for the adjustment of the cutting tools 11A and 11B in the
directions represented by the arrows Y1 and Y2 in the
above-mentioned embodiment, but only any one of the
cutting tools 11A and 11B may be moved.

Industrial Applicability

[0042] Provided are the turning method and the turning
device that perform the turning on the respective raceway
surfaces of the inner race and the outer race of the bear-
ing. The number of the raceway surfaces of the bearing
is not limited to two, and may be three or more. The turn-
ing is performed with a turning tool comprising as many
cutting tools as the rows of the raceway surfaces of the
bearing to be subjected to the turning.

Reference Signs List

[0043]

1 bearing
2 inner race
2a raceway surface
3 outer race
3a raceway surface
10 turning tool
11A, 11B cutting tool
12 change mechanism
16 radial adjustment mechanism
17 pitch adjustment mechanism

Claims

1. A turning method of performing turning on respective
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raceway surfaces of an inner race and an outer race
of a double-row bearing, the turning method com-
prising:

performing the turning simultaneously on the re-
spective raceway surfaces of any one of the in-
ner race and the outer race with a turning tool
comprising a plurality of cutting tools;
changing a direction of the plurality of cutting
tools of the turning tool; and
performing the turning simultaneously on the re-
spective raceway surfaces of another one of the
inner race and the outer race with the turning
tool.

2. The turning method according to claim 1, wherein
the plurality of cutting tools are prevented from being
detached until the turning is finished on the respec-
tive raceway surfaces of the inner race and the outer
race.

3. The turning method according to claim 1 or 2, where-
in the changing of the direction of the plurality of cut-
ting tools of the turning tool comprises inverting the
turning tool by 180 degrees.

4. A bearing inner race, which is constructed by the
turning performed through the turning method of any
one of claims 1 to 3.

5. A bearing outer race, which is constructed by the
turning performed through the turning method of any
one of claims 1 to 3.

6. A bearing, comprising:

an inner race constructed by the turning per-
formed through the turning method of any one
of claims 1 to 3; and
an outer race constructed by the turning per-
formed through the turning method of any one
of claims 1 to 3.

7. A turning device for performing turning on respective
raceway surfaces of an inner race and an outer race
of a double-row bearing, the turning device compris-
ing:

a turning tool comprising a plurality of cutting
tools for performing the turning simultaneously
on the respective raceway surfaces of any one
of the inner race and the outer race; and
a change mechanism for changing a direction
of the plurality of cutting tools of the turning tool,
thereby enabling simultaneous turning for the
respective raceway surfaces of another one of
the inner race and the outer race.

8. The turning device according to claim 7, further com-
prising a radial adjustment mechanism for enabling
an adjustment of the plurality of cutting tools of the
turning tool in a raceway surface radial direction.

9. The turning device according to claim 7, further com-
prising a pitch adjustment mechanism for enabling
an adjustment of the plurality of cutting tools of the
turning tool in a raceway surface arrangement pitch.
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